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ABTOpCKOe CBMABTe/lbCTBO CCCP 

N? 1254137, ka. E 21 B 29/10. 1982. 

(54) CROCOB PEMOHTA OBCAflHblX KO- 

J10HH 

(57) McnoiiwoBaHiie: peMOHT yMacricoB c ona- 
raMw pa3pyuieHn« m Ae4>eKTaMw b creHicax 06- 

C8AHWX KOAOHH. CyiAHOCTb W306pCTCHMflt 

noABwpajOT uM/iMK^puMecxuft naTpyoox pac- 
MeTHoro nepMMOTpa, A/tuna xoToporo 60/ibiue 



BHyTpeHHero AwaMeTpa 2 peMOHTwpyeMoro 
ynacTxa o6caAHOw koaohmw. a AnwHa naipy6- 
ica 6o/ibme a^whw MHiepBana noBpe*AeHM*. 
nponaBOART nonepesHyio Ae<t>opMauwK) naT- 
py6xa no Bceft pjmahb ao noTepvt ycTOMHwao- 
ctm, 4>MKcauMio ero b 3tom nonoxeHMii, cnycx 
a cicBaacMHy m ycTaHOBxy b 3one noBpe*Ae- 
HMfl nyTeM 4>MKcaTopoB. ripw stom Marepna/i 
naTpy6xa Bw6npaiOT no MOAyi»o ynpyroc™ - 
E. KOTopwfl onpeAe/iniOT M3 cooTHoweHWR: 
1.4P 



(h/R) 



. rAe P - KOHTaxTHoe AaB/ieHne 



naTpy6xa Ma ctchxh o6caAH0tf ko/iohhw; h - 
TO/imwHa CTeHxw narpyGxa; R - paAwyc 8HyT- 

peHHeft CT6HXM 06C3AH0« KOAOHHW. 4 MA. 
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M3o6peTeHwe othocmtcr x TexHOnornn 
peMOHTHbix pa6oT b He4>TeAo6biBatomeft npo- 
MuiuneHHOCTM. a wmchho. k cnoco6dM nwxew- 
abuhh ynacTKoe c osaraMM paapyiueHun m 
Ae^erraMM b cTeHKax o6c3ahux xoaohh. 

Ue/tb M3o6peTGHnn - noBuuieHtte 94>4>eK- 
tmbmoctvi peMOHTHUX pa6oT m o6ecneMeHne 
paBHOMepHoro npiixaTMa naTpy6xa no Bceft 
ero A^^He k o6c3ahoR ko/iohhc npn ynpome- 
hum npouecca yciaHOBKn naipy6xa aa cmgt 

MCKJIIOMeHMR AOnOJlHMTe/lbHOrO B03AetHCTBMR 

Ha Hero. 

Ha $>nr. 1 n3o6pa>iceHO ycTpoAcTBO an* 
npMBeAeHHfl naTpy6ica b cocTOflHwe noTepu 
ycTOWMMBOCTM; Ha <frnr. 2 t C6M6HM6 A-A Ha $wr. 
1; Ha 4>wr. 3 - ceMeHMe B-B na <Jmr. 1; Ha <(>hi\ 
4 - narpySox, 3a<J>wxcMpoBaHHu& b coctoa hum 
norepH ycTOflHMBocTii. 

ycrpoftCTBo Ann npMBeAeHMq naTpy6xa 1 
b cocTOHHwe noTepw ycto^hmboctm - npoTHrn- 
aawiuee ycrrpoflCTBO - npeAcraB/iaeT co6ofl 
KOHMHecxyK) onpaBxy 2 c $opMOo6pa3yK3mMM 
crep)KH6M 3 m po/iMxaMH 4, 3aKpen/teHHWMM 
noA«MHeonpaBKM. P6/iMXM4cafl3aHMCMexa- 
HMMecKMM npMBOAOM 5. BpameHwe na koto pu ft 
nepenaeTCR A8MraTe*eM 6. Tloc/ie npMBeae- 
HHA naipy6xa b cocTOSHwe noTepwycTO^MMBO- 
cth npw noMomn AaHHoro ycTpowcTBa oh 
4>MKCMpyeTc« b 3tom coctoahmm nocpeACTBOM 
4>HxcaTopoa 7, coeA"HeHHux Me*Ay coGofi 
CTepxHAMM 8. npuBOA 5 npeACTaa/ipeT M3 ce- 
6« 3y6MaTyio nepeAany c oahom BeAymeft 9 w 
AByMH oeAOMUMM ujecxepHsiMM 10. 11. BeAy- 
ma« luecTepHA 9 ycTaHOB/iena Wa buxoahom 
eajiy 12 ABnraren* 6; Ha Bany 13 BepxHet* 
BCAOMOft ujecTepHnycTaHOB/icH xpa.CiHM& sep- 
xhhA po/mx 4, a Ha eany 14 HvuKHeft BeAOMofl 

UieCTCpHU KpaMHHM HWXHM& pO/lMK 4. PO/IMKH 

4 (h BepxHMe, n HMXHMe) cB«3aHHue npuBOA* 

HUM peMHeM 15. PO/IMKM 4, He CBfl3aHHWe c 

saJiaMM 13 m 14. Buno/iHeHw ynpyroa/iacTwn-' 
humm turn noAnpyxMHeHu b pe3ynbTdTe nero 
ohm oTc/iexcMsaioT Ae<t>opMauHK) naTpyOxa. 
Boxoaue po/imkm 4 aaicpenneHu b xohmmgckoA 
onpaaxe 2 c bosmoxhoctmo apatueHMsi. Ohh 
ne noAnpyxHHenu m ycraHOB/ieHU coocho k 
4>opMoo6pa3yK>meMy CTep)KHK> 3. 

Cnoco6 pBMOHTa 3axmoMaeTcn b c/teAyto- 
oieM. 

BHdMa/ie ocymecTB/ifliOT noA6op naipy6- 
xa pacneTHoro nepuMeipa m ynpyrocTM. flaT- 
py6ox 1 Buno/iHnioT b BMAe to h xocTe h ho ro 
xpyroeoro um/iwhaP3 M3 Maiepwa/ia o6iiaAaio- 
mero cbomctbom ynpyrocTM, nptmeM nepw- 
mctp ' un/iMMApa 6onbiue BHyTpeH Hero 
nepHMeTpa peMOHTHpyeMOA o6caAH0H xonoH- 
hu, a AHHHa - 6oiibiue MHTepBana nospexcAe- 
hub o6caAHOM xonoHHtd. B xanecTBe 
MaTepwana M3roTOBneHM« natpy6xa momc€t 



6uTb Mcnonb3oaaHa BwcoxoKasecTBeHHa« 3a- 
ra/ieHHaa CTanb. cTexiionnacTHX h APyrwe Ma- 
Tepwa/iu. xapaKTepnaywiAMe tcm, mto 
HanpnxeHWfl, B03HMxa»omMe b mux nooie no- 
5 Tepn ycTOftMMBocTM, He npeBbiuiaioT npeAenos 
TexyMecTM a3hhux MaTepwa/iOB, T.e. coot- 
BeTCTByiOT ynpyrviMAe4>opMauiiflM stmx Maie- 
pna/iOB. 

3aTeM npon3BOA«T nonepesHyx) Ae<|>op- 
10 MaunK) naTpySxa no Bceii A^wne ao noTepn 

yCTOtiMMBOCTM 11 4>HKCaUMK> CrO B 3TOM COCTO* 

rhmm. f\nn 3Toro naipy6ox 1 noAaiOT Ha bxoa 
onpaBKH 2 npoTflmBdiotAero ycTpofiCTBa c 
npeA8apme/ibHo,BKAiOMeHHbiM ABnraTe/ieM 6. 

15 nepeAdiomHM Bpatuenne na po/iukh 4 c no- 
MOtub» MexaHMHecxoro npHBOAa 5. Po/imkh 4 
3axB8TUBaK>T naTpy6o< m npoTJirviBaiOT ero 
BHyipb xoHHMCcxoRonpaBKH 2 ycTpoticTB3.no 
■ Mepe ABH)xeHMn naTpy6xa BAO/ib BHyTpeHHeft 

20 noB^pxHOCTW nocTcneHHO yBeiin^wBaeTca pa- 
AMa/ibHa» Harpy3xa, Ae^CTayiomaji na Hero co 
CTopoHbi onpdBXH M3-33 yMeHbiueHw« ee A"d~ 
MOTpa. H3BeCTH0. MTOTOHxne ynpyrwe o6o/ton- 
km noA AeCiCTBueM paAwa/ibHOM Harpy3Kn 

25 TepniOTycTOftMHBOCTb. nepexoA« x HOBOMy co- 

CT0«HMK) paBHOBeCMfl C BWnyXTlOCTbK). 

o6pameHHOfl x ueHTpa/ibHoft ocm MMnnHApa. 
flna o6ecneHeHM« nepexoAa naTpy6xa b co- 
cTO«Hne noTepn ycTO^MMBOCTM cny>xMT 4>op- 

30 MoaOpaaywiMHM CTep>xeHb 3. xoropuPi 
xo h ue ht p m py eT paA^a/ibHyio Harpy3xy Ha naT- 
py6ox. TepaioiuMW ycTO^MMBOCTb. Aa^bHeft- 
ujafl npoTfljxxa naTpy6xa CBfl33Ha c 
npoAonxaK)iuMMCR yBe^MHeHMeM paAwanbHoft 

35 Harpy3XMM npwBOAMT xyBeiiMMeHMio Bwnyxno- 
ctm o6o/iomxm naTpyGxa. noTepflBiueft ycTOft- 
MWBOCTb, b pe3y/ibTaTe Mero pa3Mepw 
naTpy6xa 6yAyT cooTBeTCTBOBaTb TpaHcnopr- 
hum pa3MepaM Ten, cnycxaeMux 9 cxaa>KMHy, 

40 B mombht AOCTwxeHun naTpy^KOM TpaHcnop- 
thux pa3Mepoa oh npoTflrHBaeTcn x KOHuy 
onpaaxvi 2 m Ha BuxoAe M3 Hee CT«rnBaeTCfl 
HecxonbxwMM <J)MxcaTopaMM 7 (cm. <j>wr. 4), xo- 
Topue >xecTxo coeAwnnioT moxay co6oft crep- 

45 mchsimm 8. TaxwM o6paaoM ocymecTB/i»K)T 
onepaunK> <t>MxcnpoBaHH« naTpy6xa 1 b cocto- 

SHUH nOTepM yCTOftMHBOCTM. 

Rocne aToro npow3BOA«T ycTaHOBxy naT- 
py6xa b 3one noopoKAeHun o5caAHO^ ko/ioh- 
50 hu. 

Ann'sToro c noMoiMbto AepxaTe/in (na Mep- 
toko He noxaaan) naTpy6ox, 3a<t>HxcMpoaaH- 

HWfi B COCTOflHHM nOTepH yCTO^HMBOCTM . 

cnycxax>T b cxBaxuny m ycTaHaa/iviBaiOT na 
55 ypoBHe ynacTxa noapoxAeHHB o6caAHO^i xo- 
noHHU. CTflrneawiune narpy6ox 1 ^wixcaTOpbi 
7 CHMMaraT, nepeMeman BBepx coeAHH«K>iune 

MX CTep>XHH 8, HTO npMBOAMT X CHflTMtO p3AM" 

anbHO« Harpy3xw, AeMCTByKDiuew na naTpy6ox. 
JIoa AencTBueM ycMflMH b o6onoMxe, noTepnB- 
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weft ycTOMHMBOCTb. naipyGoK 1 B03BpamaeTCJi 
b wcxoAHoe paeMoeecHoe cocTOPHwe. 

B cw/iy Toro. mto wcxOAHUfi bmgujmmm J\n~ 
aneip naTpy6Ka Hecxo/ibKO 6o/ibiue BHyrpeH- 
nero AMaMeTpa o6caAHO& ko/iohhw. llaTpyGoK 
nnoTHO m paBHOMepHO npn*nMaeTCfl k o6caA- 
hoA K0/1OKH6. nepeKpue yvacTOK noopewAe- 

Bw/in npoeeAeHu na6opaTopHwe wcnbiTa- 
HWfl cnoco6a peMOHTa oOcaAHbtx ko/iohh na 
MOAenn o6caAHOft ko/iohhu c ue/ibio npo- 
aepKM ero pa6oTOcnoco6Hoc™. MoAeifc 06- 
caAHoA ko/iohhw n peACTaB/iaeT co6ofi 

TO/ICTOCTCH Hy K) Tpy6y C BHyTpeHHMM AU3MeT- 

pOM 80 mm, napaMeTpoM 251,2 mm m a/whom 

500 MM. 

fldTpy5oK Bwno/iHeH M3 CTeK/ion/iacmica b 
qua© TOHKOCT6HHoro Kpyrosoro uwnwHApa, 
TO/iiUMHa CTeHKM KOToporo 0,3 mm, a nepwMeTp 
251.6 mm. 

B K3H€CTB6 npomrMBaioiuero ycTpoftcTBa 
vtcno/ib30Ba/i8Cb KOHMMecKaw onpaBKa co 
bxoahwm AwaMeTpoM 100 mm, bsixoahwm - 70 
mm, a/imhoA 600 mm c oahmm <t>opMoo6pa3yio- 
ujmm CTepxHeM BAO/ib BHyipeHHeft nOBepxHO- 
ctm onpaBKM. npoTflXKa ocyiuecTB/isnacb 
AaB/ienweM Ha Topeu naTpy6Ka. Ha BbixoAe M3 
npdT*rviBak>mero ycTpofcCTBa naTpy6pK MMe/i 
AHaMeTp 70 mm, npwM€M 4>opMOo6pa3yioiMMft 
CTepxeHb yace ne Kaca/icn BWBepHyToft 060- 
noMKM naTpy6xa, m b t3kom nonoxeHiw naTpy- 
6ox 6uii noc/ieAOBaTe/ibHo CTnnyr AayMn 
4>yiiccaTopaMM, coeAMHeHHWMW MexAy co6ow 
AByMA crayibHUMM CTepxHflMw. 

3aT6M naTpy6ox 6u/r cnymeH b MOAeiib 
o6caAHoCi ko/iohhm ao ypoBHfl 30Hbt noepew- 
AeHMfl o6caAHO» ko/iohhw c noMomtio flepxca- 
re/ifl, nonepeMHbie pasMepw KOToporo He 
npeBbiiua/iM 70 mm. 3aieM cTflrnaaioimie 4>mk- 
catopbi CABwra/iM k sepxHeMy Topuy naipy6ica 
3a CMeT ycM/iMfl. nepeAaBaeMoro Mepe3 CTepac- 

. Hid* 

B MOMeHT ch«tma nocneAHero 4>MKcaTopa 
CB060AHUR natpy60K no/iHOCTbio bocct3ho- 



BMn CBOK) 4>OpMy, npUXCaBUJHCb K BHyTpeHHCft 

CTeHxe o6caAHOft ko/iohhw m nepexpwa 30Hy 
noBpe>KA^HMfl. 

AHanoniHHbiM o6pa30M 6wnn npoaeAeHw 
5 ncnwT3HMB b yc/ioeuflx no/iHoro aanoAHeHMR 
MOAenn o6caAHOft ko/iohhw boaom. 

/la6opaTOpHwe AaHHwe noATBepAnnn pa- 
6oTOCnoco6HOCTb AaHHoro cnoco6a peMOHTa 
o6caAHWX ko/iohh. naTpy6oK nonHOdbK). 6e3 
10 noBpe*AeMM« m ck/i3aok 80CCTaHoenn cbok> 
♦opMy m rwtoTHO o6/iera/i BHyTpeHHKJK) deHicy 
o6caA"oft ko/iohhw, M30/iMpyu 30Hy noBpe*- 

A6HMS. 

(DopMy/ia M3o6peT.eHM> 
15. Cnoco6 peMOHTa o6caAnwx ko/iohh, 
BioiK)48iomMA noA6op naTpy6Ka pacneTHoro 
nepwMeTpa, nonepeiHyio Ae4>opMauHK> naT- 
py6xa no eceA A^ne. cnycic ero b cxaa^MHy m 
ycTaHOBicy b 30He noBpe5KAeHM«. o t n m m a k>- 
20 m w « c a TeM, mto, c ue/ibio noBUuieHwa 
34>4>eKTMBHOCTvi peMOHTHwx pa6oT m 66ecne- 
MeHM« paaHOMepHoro npw*a™» naTpySxa no 
Bceft ero A*MHe k o6caAHO« ico/iOHHe npn oa- 
HoepeMeHHOM ynpoiueHMM npouecca ycTa- 
25 hobkm naTpy6xa 3a cmst MCK/noneHMfl 
Aono/iHtfre/ibHOro B03Ae^CTBM« Ha nero. Ma- 
Tepwa/i naTpy6Ka Bbi6npaiOT no moay/ik) ynpy- 
rocm E, npuseM nocneAHMPi onpeAennioT 113 

COOTHOUJeHMfl 



30 



40 



E > 



1,4 P 



(h/R) 



rAe P - KOHTarrHoe AaBAeHwe naTpy6xa Ha 

CTeHKM 06C3AHOH KOAOHHUI 

3* h - To/imwHa CTeHKM naTpy6xa: 

R - paAwyc BHyTpeHHefi noBepxnocTM 06- 

C3J\HOW KO/lOHHbl, 

a nonepenHyio Ae<t>opMauwio;niaTpy6Ka no 
eceS A^wHe ocymeCTB/inKDT ao noiepn yCTOii- 



HMBOCTM. 33 TeM erO <t>MKCMpyiOT B 3TOM cocto- 

nHMH m nocne cnycKa b 30Hy AOBpeKAeHMa 
4>MKcaropu chmmbiot. r v 
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(54) METHOD FOR CASING REPAIR 

(57) Use: repair of sections with localized 
failure and defects in casing walls. 
Essence of invention: a cylindrical sleeve 
of calculated perimeter is selected where 
the perimeter length is greater 



than the inside diameter [sic: last clause 
should be either perimeter... perimeter or 
diameter ... diameter] 2 of the section of 
casing to be repaired, while the length of 
the sleeve is greater than the length of 
the damaged interval. Transverse strain 
is produced in the sleeve along the entire 
length until it buckles (loss of stability), 
it is locked in this position, lowered into 
the well, and placed in the damage zone 
by means of locking devices. In this case, 
the sleeve material is selected according 
to elasticity modulus E, which is 
determined from the relation: E = 
1 ,4P/(h/R) 1 1/5 , where P is the contact 
pressure of the sleeve on the casing wall; 
h is the wall thickness of the sleeve; R is 
the radius of the inside wall of the 
casing. 4 drawings. 



[Figure 1 spans columns 1 and 2, under header] 

[see Russian original for figure] 
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The invention relates to technology for repair operations in the oil production 
industry, and specifically to methods for repairing sections with localized failure and defects 
in the casing walls. 

The aim of the invention is to improve the efficiency of repair operations and to 
ensure that the sleeve is uniformly squeezed against the casing along its entire length, with 
simplification of the process of setting the sleeve by eliminating additional operations on it. 

Fig. 1 depicts the device for buckling the sleeve; Fig. 2 shows the A-A cross section 
in Fig. 1 ; Fig. 3 shows the B-B cross section in Fig. 1; Fig. 4 depicts the sleeve locked in the 
buckled condition. 

The device for buckling sleeve 1 (a drawing device) is a conical mandrel 2 with 
shaping bar 3 and rollers 4, attached along the length of the mandrel. Rollers 4 are connected 
to mechanical drive 5, which is rotated by motor 6. After the sleeve is buckled with the help 
of this device, it is locked in this condition by means of locking devices 7, interconnected by 
rods 8. Drive 5 is a gear drive with one drive gear 9 and two follower gears 10, 11. Drive 
gear 9 is mounted on output shaft 12 of motor 6; upper outside roller 4 is mounted on shaft 
13 of the upper follower gear, while lower outside roller 4 is mounted on shaft 14 of the 
lower follower gear. Rollers 4 (both upper and lower) are connected by drive belt 15. 
Rollers 4 that are not connected with shafts 13 and 14 are implemented as elastoplastic or 
spring-loaded, and consequently they track the deformation of the sleeve. The side rollers 4 
are attached to conical mandrel 2 so that they can rotate. They are not spring-loaded and are 
mounted co-axially with shaping bar 3. 

The repair method involves the following. 

First, a sleeve of the calculated perimeter and elasticity is selected. Sleeve 1 is 
implemented as a thin-walled circular cylinder made from material having the property of 
elasticity, where the perimeter of the cylinder is greater than the inside perimeter of the casing 
to be repaired while the length is greater than the damaged interval of casing. The material 
used for fabricating the sleeve may be 
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high-quality quenched steel, fiberglass-reinforced plastic, and other materials characterized 
by the fact that the stresses arising in them after buckling do not exceed the yield stresses for 
the given materials, i.e., they correspond to elastic deformations of these materials. 

Then transverse strain is produced in the sleeve over the entire length until it buckles, 
and it is locked in this condition. For this purpose, sleeve 1 is fed into the opening of 
mandrel 2 of the drawing device after first turning on motor 6, which rotates rollers 4 with 
the help of mechanical drive 5. Rollers 4 grip the sleeve and pull it into conical mandrel 2 of 
the device. As the sleeve moves along the inside surface, there is a gradual increase in the 
radial load acting on the sleeve on the mandrel side due to the decrease in its diameter. We 
know that thin elastic shells buckle (lose stability) under the action of a radial load, going to a 
new equilibrium state with bulging turned toward the central axis of the cylinder. Shaping 
bar 3 serves to ensure buckling of the sleeve, concentrating the radial load on the buckling 
sleeve. Further pulling of the sleeve is associated with continuing increase in the radial load 
and leads to an increase in the bulging of the shell of the buckled sleeve, as a result of which 
the sleeve dimensions will correspond to the run-in dimensions of bodies lowered into the 
well. At the moment the sleeve reaches the run-in dimensions, it is pulled toward the end of 
mandrel 2, and at the exit from the mandrel it is clamped by several locking devices 7 (see 
Fig. 4) which are rigidly interconnected by rods 8. The operation of locking sleeve 1 in the 
buckled condition is accomplished thereby. 

After this, the sleeve is placed in the damage zone of the casing. 

For this purpose, with the help of a holder (not shown in the drawing), the sleeve, 
locked in the buckled condition, is lowered into the well and placed at the level of the 
damaged section of the casing. The locking devices 7 clamping sleeve 1 are released by 
means of upward displacement of rods 8 connecting them, which results in removal of the 
radial load acting on the sleeve. Under the action of the stresses in the buckled shell, 
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sleeve 1 returns to the original equilibrium state. 

Because the original outside diameter of the sleeve is slightly greater than the inside 
diameter of the casing, [sic: the latter should be a clause of the next sentence, not an 
independent sentence] The sleeve is tightly and uniformly squeezed against the casing, 
sealing off the damaged section. 

Laboratory tests of the method for casing repair were conducted on a model of a 
casing in order to verify its feasibility. The model of a casing is a thin-walled tube with 
inside diameter 80 mm, parameter [sic: parameter should be perimeter] 251 .2 mm, and length 
500 mm. 

The sleeve is made from fiberglass-reinforced plastic in the form of a thin-walled 
circular cylinder with wall thickness 0.3 mm and perimeter 251.6 mm. 

As the drawing device, we used a conical mandrel with entry diameter 100 mm, exit 
diameter 70 mm, length 600 mm and with one shaping bar along the inside surface of the 
mandrel. Pulling was accomplished by pressure on the end of the sleeve. At the exit from 
the drawing device, the sleeve had a diameter of 70 mm, where the shaping bar no longer 
touched the twisted shell of the sleeve, and in such a position the sleeve was successively 
clamped by two locking devices interconnected by two steel rods. 

Then the sleeve was lowered into the model of a casing, down to the level of the 
casing damage zone, using a holder with transverse dimensions no greater than 70 mm. Then 
the clamping locking devices were shifted toward the upper end of the sleeve as a result of 
the force transmitted through the rods. 

At the moment when the last locking device was released, the free sleeve completely 
recovered 
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its shape and was squeezed against the inside wall of the casing, sealing off the damage zone. 

Tests were similarly conducted under conditions when the model of a casing was 
completely filled with water. 

Laboratory data confirmed the feasibility of this method for casing repair. The 
sleeve, without damage or crumpling, completely recovered its shape and fit tightly against 
the inside wall of the casing, isolating the damage zone. 

Claim 

A method for casing repair, including selection of a sleeve of the calculated perimeter, 
transverse strain of the sleeve along the entire length, its lowering into the well and 
placement in the damage zone, distinguished by the fact that, with the aim of improving the 
efficiency of repair operations and ensuring that the sleeve squeezes uniformly against the 
casing along its entire length while at the same time simplifying the process of placing the 
sleeve by eliminating additional operations on it, the sleeve material is selected according to 
the elasticity modulus E, where the latter is determined from the relation 

E > 1.4P/(h/R) 11/5 

where P is the contact pressure of the sleeve on the casing wall; 

h is the wall thickness of the sleeve; 

R is the radius of the inside surface of the casing, 
and transverse strain of the sleeve along its entire length is accomplished until it buckles 
(loses stability), then it is locked in this condition and the locking devices are released after it 
is lowered to the damage zone. 
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